Abstract. Microscopic colitis (MC) is a chronic condition that is characterized by watery diarrhoea with normal appearance of the colonic mucosa. MC is subdivided into two distinctive entities: lymphocytic colitis (LC) and collagenous colitis (CC). The etiology and pathophysiology of LC remain to be determined. The present study included 9 female patients with LC, with an average age of 34 years. Subjects (n=25) who underwent colonoscopy were used as controls. The subjects underwent colonoscopy due to gastrointestinal bleeding, where the source of bleeding was identified as haemorrhoids, or due to health concerns. The control subjects included 18 females and 7 males, with an average age of 49 years. Colonoscopy was performed in both patient and control groups, and biopsies were obtained from different segments of the colon. The biopsies were immunostained with the avidin-biotin complex method for human leucocytes CD45, collagen type III and chromogranin A (CgA). CgA was quantified by computer image analysis. The density of CgA-immunoreactive cells in patients with LC was significantly higher than that in controls. The high density of colonic CgA, a common marker for endocrine cells, indicates the possibility that colonic hormones are involved in the pathophysiology of LC. Serotonin-containing cells are the major endocrine cell type in the colon and constitute approximately 88% of the total endocrine cell population. It is likely that the increase in colonic CgA in LC patients accounts for an increase in serotonin cells.
Introduction
Microscopic colitis (MC) is a chronic condition, which is characterized by watery diarrhoea with normal appearance of the colonic mucosa. However, histopathological examinations of the colon revealed abnormal histology. This abnormality is of two distinctive types: lymphocytic colitis (LC) and collagenous colitis (CC). LC and CC exhibit colonic intraepithelial lymphocytosis, increase inflammatory cells within lamina propria and preserve crypt architecture. The incidence of LC has been reported to be 3.1/100,000 per year and the prevalence to be 14.4/100,000 (1, 2) .
The etiology and pathophysiology of LC have yet to be determined. The symptoms of LC suggest an abnormally rapid intestinal motility and a decrease in absorption of water. The neuroendocrine system of the gut plays a significant role in regulating gut motility and absorption of water and salts (3) (4) (5) (6) . It is reasonable, therefore, to assume that the colonic endocrine cells may be affected and may be involved in the pathophysiology of this disorder.
Chromogranin A (CgA) is a 68-kDa protein comprising 439 amino-acid residues, which was isolated for the first time from secretory granules of the bovine adrenal medulla (7, 9) . CgA is co-stored and co-released with monoamines and peptide hormones of the adrenal medulla, pituitary gland, parathyroid, thyroid C-cells, pancreatic islets, endocrine cells of the gastrointestinal tract and sympathetic nerves (7, 8) . The serum and tissue content of CgA serves as a marker for gut endocrine cells and tumours (7) (8) (9) .
The present study aimed to establish a possible abnormality in colonic endocrine cells in LC patients, using CgA as a common marker for endocrine cells. Furthermore, the possibility that such abnormality plays a role in the pathophysiology of LC was explored.
Materials and methods
Patients and controls. Of those patients who were referred to our clinic due to watery diarrhoea, abdominal cramping and nausea, 9 were included in this study. These 9 female patients had an average age of 34 years (range 22-58). The patients underwent complete physical examination and were examined using blood tests: full blood count, electrolytes, calcium, inflammatory markers, liver tests and thyroid function tests.
Subjects (n=25) who had undergone colonoscopy, were used as controls. Of these, 12 subjects underwent colonoscopy due to gastrointestinal bleeding, where the source of bleeding was identified as haemorrhoids, and 13 subjects underwent Colonoscopy. Colonoscopy was carried out in patients and controls, and biopsies were obtained from the cecum, ascending colon, right and left halves of the transverse colon, descending colon and sigmoid colon. The biopsies were pooled together.
Histopathology and immunohistochemistry. Biopsies were fixed in 4% buffered paraformaldehyde overnight, embedded in paraffin and cut into 5-µm sections. The sections were stained with H&E and immunostained with the avidin-biotin complex (ABC) method using a Vectastain ABC-kit (Vector Laboratories, Burlingame, CA, USA), as previously described (10) . The primary antibodies used were: monoclonal mouse anti-human leucocytes CD45 (DakoCytomation, Glostrup, Denmark, code no. IS751) monoclonal antibodies to collagen type III (Acris, code no. P02461) and monoclonal mouse anti-N-terminal of purified chromogranin A (DakoCytomation, code no. M869). The second layer biotinylated mouse antiIgG was obtained from DakoCytomation. The stained and immunostained sections were examined for the possible occurrence of MC. The diagnosis of LC required an increase in intraepithelial lymphocytes (>15 lymphocytes/100 epithelial cells) and surface epithelial damage with increased lamina propria plasma cells and absent or minimal crypt architectural distribution. For the diagnosis of CC, an increase/irregularity in sub-epithelial collagen (>10 µm) that trapped superficial capillaries was required in addition to the other inflammatory changes observed in LC (11) .
Computerized image analysis.
Computerized image analysis was performed using Olympus software: Cell ^D. When using x20 objectives, the frame (field) on the monitor shows an area of 0.14 mm 2 of the tissue. The number of CgA immunoreactive cells and the area of the epithelial cells were measured in each field. Measurements were taken in 10 randomly selected fields for each individual. The data from the fields were tabulated, and the number of cells/mm 2 of the epithelium was computed and statistically analysed automatically.
Statistical analysis.
As the results of controls and patients passed the normality test, the t-test was performed. P<0.05 was considered to be statistically significant.
Results

Colonoscopy, histopathology and immunohistochemistry.
The colon of patients and control subjects was macroscopically normal. Histopathological examination of the colon biopsies from the controls revealed normal histology. All of the patients fulfilled the criteria for LC (Fig. 1) . In the colon of both patients and control subjects, immunostaining for collagen III did not reveal any abnormality. CgA immunoreactive cells were found in the colon of both patients and the controls. CgA cells were mostly located in the upper part of the crypts of Lieberkühn (Fig. 2) . These cells were basket-or flask-shaped.
Computerized image analysis. The CgA density in the controls was found to be 31.3±14.5 (mean ± SD). The corresponding figure for LC patients was 96.4±45.6. The density of CgA-immunoreactive cells in patients with LC was significantly higher than that of the controls (P<0.0001) (Fig. 3) .
Discussion
MC occurs at all ages in both men and women, but is more common in middle-aged women (11, 12) . It is a common cause of watery diarrhoea, abdominal cramping and nausea (13, 14) . Epidemiological studies in Spain and Sweden estimate the prevalence of MC at approximately 10% of all patients with chronic diarrhoea (15, 16) . The cause and pathophysiology of MC remains unclear. It has been speculated that MC may be the result of an abnormal immune response to bowel contents, such as bacterial toxins and medicinal products or food (12) . It was also attributed to abnormal collagen metabolism (12) .
The present finding of high density of colonic CgA, a common marker for endocrine cells, suggests that colonic hormones are involved in the pathophysiology of LC. The specific cell type to which this increase may be attributed remains to be determined. However, serotonin-containing cells are the major endocrine cell type in the colon and constitute approximately 88% of the total endocrine cell population as revealed by CgA (17, 18) . It is conceivable that the increase in colonic CgA in LC patients accounts for an increase in serotonin cells. Serotonin is thought to activate the submucosal sensory branch of the enteric nervous system and control, and accelerates gastrointestinal motility via interneurons and motor neurons (19, 20) . If this hypothesis were proven to be the case, diarrhoea, abdominal cramping and nausea symptoms could be explained on this basis. This assumption is supported by the observation of an association between serotonin reuptake inhibitors and MC (21) .
The age and gender of the patients and healthy controls used in this investigation did not match completely. In previous studies, however, age and gender have been found to have no effect on the density of intestinal endocrine cells in adults (22, 23) .
In conclusion, the present study indicates that the colonic hormones, most probably serotonin, are involved in the pathophysiology of LC.
